I n the United States, approximately 6500 undocumented immigrants have end-stage renal disease (ESRD).
1 Undocumented immigrants with ESRD are primarily Hispanic and, compared with documented Hispanic patients with ESRD, tend to be younger, have a lower educational level, and are less likely to receive predialysis care.
2 The accessibility to emergencyonly hemodialysis vs standard hemodialysis (3 times weekly at a health care center) varies between and within states for undocumented immigrants despite evidence-based clinical practice guidelines recommending standard hemodialysis. 3, 4 Kidney transplantation, which offers improved quality of life, survival, and long-term costs compared with hemodialysis, is rarely an option for undocumented immigrants owing to its high initial cost and local policies. 5, 6 This variation in availability of hemodialysis is in part owing to restrictions in insurance coverage based on citizenship. 7, 8 Nearly all US citizens and 5-year permanent residents are eligible for standard hemodialysis as a result of the 1972 ESRD Amendments to the Social Security Act . 9 Undocumented immigrants are excluded from the major federally funded insurance programs, such as Medicare or Medicaid, as well as the Patient Protection and Affordable Care Act (Public Law 111-148). 10, 11 Some states use state funding to finance chronic dialysis care for undocumented immigrants, although most provide emergency-only dialysis to these patients. 12 The origins of emergency-only dialysis began with the 1986 Emergency Medical Treatment and Labor Act (EMTALA) amendment, 13 which allows the use of federal Medicaid funds for medical services provided to undocumented immigrants if "such care and services… [are] necessary for the treatment of an emergency medical condition." 1(p62) Therefore, in many states, the interpretation results in many patients not receiving dialysis until severe complications of advanced kidney disease appear, including uremia, volume overload, hyperkalemia, hypertension, metabolic acidosis, and mental status changes. To our knowledge, there are no studies comparing outcomes among undocumented immigrants with ESRD who receive variable treatment based on policies in different locations. Therefore, we conducted a study to examine mortality and health care use between undocumented immigrants undergoing emergency-only hemodialysis vs standard hemodialysis.
Methods

Design, Participants, and Setting
We conducted a retrospective cohort study of undocumented immigrant patients with ESRD who initiated hemodialysis at Zuckerberg San Francisco General Hospital (ZSFG), Denver Health (DH), or Harris Health (HH) from January 1, 2007 , to July 15, 2014 , and followed up patients until death, loss to follow-up, or July 15, 2014. Patients were eligible if they had a recorded start date of hemodialysis (ie, patient's first hemodialysis session), date of last contact (ie, patient transitioned to standard hemodialysis care, moved away, or died), at least 3 months of treatment, and no prior peritoneal dialysis. We required at least 3 months of treatment because a patient is diagnosed with ESRD only after 90 days of consecutive hemodialysis, and some patients may decide to not continue care at the site of initial presentation. The study was approved and patient consent was waived by institutional review boards at the University of Colorado, HH, Baylor College of Medicine, and the University of California San Francisco.
Sites vary by hemodialysis and vascular access practices for undocumented immigrant patients. At ZSFG, an arteriovenous fistula is placed and patients receive standard hemodialysis in an outpatient setting. At DH, an arteriovenous fistula is placed; however, patients are required to have an emergency presentation before being admitted to receive 2 consecutive hemodialysis sessions on 2 consecutive days. On average, patients present for emergency-only hemodialysis every 6 to 7 days. At HH, patients initiate hemodialysis with a tunneled dialysis catheter, and patients are provided 1 hemodialysis session following presentation to the emergency department. On average, patients present for emergency-only hemodialysis 2 to 3 times per week. At both HH and DH, to receive emergency-only hemodialysis, the patient must be critically ill, defined as presence of any of the following: elevated potassium; low bicarbonate; low oxygen saturation; uremic symptoms including confusion, substantial nausea and vomiting, mental status changes, or other neurologic signs and symptoms; and shortness of breath.
Data Collection
We collected data from medical and administrative records. Demographic data included age, sex, and race/ethnicity. Baseline clinical data, documented within 1 month of initiation of dialysis, included care by a nephrologist prior to initiation of dialysis, history of type 1 or 2 diabetes, comorbid disease, smoking status, assigned cause of ESRD, type of vascular access at initiation of hemodialysis (catheter, arteriovenous fistula, or arteriovenous graft), and albumin, hemoglobin, and phosphorus levels. A Charlson Comorbidity Index score was calculated through medical record review using comorbidities documented at the time of initiation of dialysis.
We observed patients from the initiation of dialysis to their last known contact date during the study period. Death, the
Key Points
Question Do mortality and health care use differ between undocumented immigrants with end-stage renal disease treated with emergency-only hemodialysis vs standard hemodialysis (3 times weekly)?
Findings In this cohort study, mean 5-year mortality for patients who received emergency-only hemodialysis was more than 14-fold higher than for those who received standard hemodialysis. Patients who received emergency-only hemodialysis had more inpatient days but fewer outpatient clinic visits than those who received standard hemodialysis.
Meaning Availability of standard hemodialysis for undocumented immigrants could both save lives and reduce inpatient resource use, suggesting the need for a careful examination and potential change of existing health care policies. main outcome, was ascertained by review of the medical record. Data on secondary outcomes of health care use (inpatient days and ambulatory care visits) and episodes of bacteremia (blood culture proven) were also collected during the study follow-up period at the site where patients received hemodialysis. All outpatient encounters, including those unrelated to dialysis (primary and subspecialty care), qualified as ambulatory care visits.
Statistical Analysis
We analyzed data using SAS Enterprise Guide, version 5.1 (SAS Institute Inc). We first examined differences between the 2 emergency-only hemodialysis sites (DH and HH) to determine whether it would be appropriate to combine the sites into a single study group. We compared patient characteristics using the t test, Wilcoxon rank sum test, and χ 2 test. An unadjusted
Cox proportional hazards regression model was used to detect differences in mortality. Results of these tests supported combining the 2 sites into a single study group. We then compared patient characteristics of the emergency-only hemodialysis group with those of the standard hemodialysis group using the t test, Wilcoxon rank sum test, and χ 2 test.
We used the balancing property of propensity scores to compare similar patient profiles in adjusted analyses. Scores were calculated using coefficients from a logistic regression model predicting exposure to emergency-only hemodialysis vs standard hemodialysis, including variables associated with both the exposure and the outcome and variables associated with the outcome only in bivariate analysis.
14 Colinear variables statistically (P < .05) or clinically associated with both the exposure and outcome took precedence over those only associated with the outcome. Using multiple imputation procedures, we imputed missing values for prior nephrology access at initiation and albumin at initiation. Other variables included in the propensity score calculation were Charlson Comorbidity Index score, smoking status, age at initiation, and history of diabetes. The selected propensity score was strongly associated with group status among all patients (C statistic = 0.91-0.92). We constructed cumulative mortality curves using KaplanMeier survival analysis methods. Surviving patients were censored at the last date of follow-up. A violation of the proportional hazards assumption was detected using Schoenfeld residual plots and tests for interactions between time and dialysis care (eFigure in the Supplement). To address the violation, we introduced a time-varying covariate. The new covariate describes the interaction of ln (time) and dialysis care and permits the use of Cox proportional hazards regression modeling while allowing for nonproportional hazards. To describe the outcome of dialysis care during the course of 1, 3, and 5 years of follow-up, we estimated the hazard ratios at the midpoint of each follow-up period. Using this approach, we modeled unadjusted and propensity score-adjusted data for all patients and for Hispanic patients only. The reference group was standard hemodialysis. Hazard ratios with 95% CIs were calculated.
A multivariate nonproportional hazards modeling approach was compared with the propensity score-adjusted mortality analyses. A second sensitivity analysis was performed by expanding the study's analytic sample to include patients with less than 3 months of follow-up and repeating the mortality analyses.
To examine the association of dialysis exposure group with health care use and rates of bacteremia, we constructed unadjusted and propensity score-adjusted, zero-inflated Poisson and zero-inflated negative binomial regression models. We assessed goodness of fit using a scaled Pearson χ 2 test. If overdispersion was detected, we would instead model data using zero-inflated negative binomial regression. Rate ratios with 95% CIs were calculated. Using standardized mortality ratios, we compared 1-, 3-, and 5-year mortality rates among patients who received emergency-only or standard hemodialysis with mortality rates among the 2007-2011 ESRD population provided by the United States Renal Data System (USRDS).
15 Expected mortalities for the study hemodialysis groups were calculated using 2007-2011 age-stratified and sex-stratified crude mortality rates for the USRDS population with ESRD. We repeated these analyses after limiting the comparison to Hispanic patients. Results are presented with 95% CIs. P < .05 was considered significant.
Results
Study Sample and Patient Characteristics
We identified 259 undocumented immigrant patients with ESRD who were receiving hemodialysis at the 3 study sites. Forty-eight patients were excluded for the following reasons: no hemodialysis start date (n = 1), initiated hemodialysis at another site (n = 1), no follow-up beyond baseline (n = 5), and did not have 3 months of follow-up (n = 41) ( Figure 1 ). Compared with patients in the emergency-only hemodialysis group, those in the standard hemodialysis group had more prior nephrology care, more arteriovenous fistulas, higher serum albumin levels, and higher hemoglobin levels at initiation of hemodialysis. Sex and race/ethnicity also differed between dialysis care groups. During a 30-day period, the mean number of hemodialysis sessions received was 10.34 for patients who received standard hemodialysis care and 6.26 for patients who received emergency-only hemodialysis care.
Mortality
Adjusting for propensity score, the mean 3-year relative hazard of mortality among patients who received emergencyonly hemodialysis was nearly 5-fold (hazard ratio, 4.96; 95% CI, 0.93-26.45; P = .06) greater compared with patients who received standard hemodialysis (Table 2 and Figure 2 ). The adjusted mean 5-year relative hazard of mortality among patients who received emergency-only hemodialysis care was more than 14-fold higher than among those who received standard hemodialysis (hazard ratio, 14.13; 95% CI, 1.24-161.00; P = .03). Similar findings in mean 1-, 3-, and 5-year mortality were observed in Hispanic patients only. The multivariate modeling showed the same results (eTable 1 in the Supplement). When we expanded the sample to include patients with less than 3 months of follow-up, we observed slightly larger hazard ratios in comparison with the study's original samples (eTables 2 and 3 in the Supplement).
Hospital Days, Ambulatory Care Visits, and Bacteremia Episodes During 5 years of follow-up, adjusting for propensity score, the number of acute care days for patients who received emergency-only hemodialysis was almost 10-fold greater (rate ratio, 9.81; 95% CI, 6.27-15.35; P < .001) and the number of ambulatory care visits was 3-fold less (rate ratio, 0.31; 95% CI, 0.21-0.46; P < .001) among patients who received emergencyonly hemodialysis vs standard hemodialysis (Table 3) . There were no statistically significant differences in the expected number of bacteremia episodes between groups during 5 years of follow-up (adjusted rate ratio, 2.31; 95% CI, 0.80-6.70; P = .12). Similar results were obtained for Hispanic patients only, although there was a more pronounced difference in the number of acute care days for patients who received emergency-only hemodialysis compared with those who received standard hemodialysis (adjusted rate ratio, 15.28; 95% CI, 10.14-23.03; P < .001).
Comparison With Entire US Dialysis Population
Compared with the USRDS population, the 5-year ageadjusted standardized mortality ratios (SMRs) were greater (2.26; 95% CI, 1.60-3.10) for undocumented patients who had emergency-only hemodialysis and lower (0.84; 95% CI, 0.23-2.16) for undocumented patients who had standard hemodialysis. Compared with the Hispanic USRDS population, the 5-year age-adjusted SMR was greater (2.83; 95% CI, 2.00-3.88) for Hispanic undocumented patients who had emergency-only hemodialysis and lower (0.96; 95% CI, 0.20-2.80) for Hispanic undocumented patients who had standard hemodialysis.
Discussion
The results of this study show that, 5 years after initiating hemodialysis, undocumented immigrants with ESRD and access to emergency-only hemodialysis had 14-fold greater relative hazard of mortality, spent more time in the inpatient setting, and had fewer ambulatory clinic visits compared with undocumented immigrants with access to standard hemodialysis. The greater mortality among patients with access to emergency-only hemodialysis is consistent with data demonstrating poorer mortality outcomes among patients receiving standard hemodialysis who miss treatment sessions.
16-18 These patients also experience a greater risk of hospitalization, more emergency department visits, and stays in the intensive care unit. Also consistent with our data are results of a study comparing a 2-day interdialytic period with a 1-day interdialytic period among patients in the United States undergoing standard hemodialysis, which demonstrated a higher rate of death following the longer interdialytic period.
19,20
One might ask if quality of care or practice differences could account for the mortality differences observed in our study. To address this question, we referred to dialysis facility-level ESRD quality measures published by the Centers for Medicare & Medicaid Services (CMS). 21 We used these data to compare SMRs between facilities providing standard hemodialysis to ESRD patients because the health care professionals providing care for the undocumented immigrant patients with ESRD are the same as those who provide care for the documented immigrant patients with ESRD receiving standard dialysis. These data indicate that ZSFG, where undocumented patients with ESRD receive standard hemodialysis, has an SMR of 0.89 compared with an SMR of 0.31 at the standard hemodialysis facility at DH and an SMR of 0.57 at the standard hemodialysis facility at HH, suggesting that better outcomes for patients receiving standard hemodialysis in our study cannot be attributed to quality of care differences across study sites. Our study also demonstrates that patients with access to emergency-only hemodialysis spend 10-fold greater time in the inpatient setting and less time in the outpatient setting. Consistent with our findings, a 2015 study of patients who use an unusually high volume of health care services found that, although undocumented immigrants receiving emergencyonly hemodialysis make up only 2% of such "superusers" in Colorado, they experience a higher mean number of annual hospital admissions and their cost of care greatly exceeds that of several other comparable superuser patient groups. 22 A 2007 study by Sheikh-Hamad et al 23 examined cost differences between 13 undocumented immigrants newly diagnosed as having ESRD who were receiving emergency-only care and 22 undocumented immigrants with existing ESRD and found that emergency-only hemodialysis care is nearly 4 times more costly owing to more emergency department visits and hospital admissions. Thus, limiting standard hemodialysis for undocumented immigrants is likely more costly over time owing to higher inpatient use.
Undocumented immigrants with ESRD receiving emergency-only care face physical and psychosocial distress related to their lack of access to scheduled hemodialysis. In a 2017 study focusing on understanding the illness experience of undocumented immigrants with ESRD, patients described weekly severe and potentially life-threatening illness episodes of uremic and respiratory symptom accumulation preceding their presentation to the emergency department. 24 The inferior physical health among patients receiving emergency-only hemodialysis was also described in a study comparing the quality of life of undocumented immigrants who receive emergency-only hemodialysis vs standard hemodialysis. 23 More than 90% of the patients receiving emergency-only hemodialysis were employed prior to initiating hemodialysis, yet only 14% were able to continue working owing to illness and irregular dialysis schedules. 25 In addition to these challenges, patients and their families face considerable psychosocial distress around the possibility of death.
24
Standard (3 times weekly) hemodialysis is not prohibited by federal statutory and regulatory requirements, allowing for stateby-state coverage decisions. Beyond what is stated in EMTALA, 
Limitations and Strengths
Our study has limitations. We included undocumented immigrant patients with incident ESRD receiving hemodialysis from just 3 cities in the United States, limiting our sample size. Also, patients were not randomly allocated to care. Although one could compare outcomes for undocumented vs documented immigrants within a site, such a comparison would not take into account possible unmeasured differences between undocumented and documented immigrants that affect outcomes. It is possible that the lower mortality observed among undocumented immigrants with access to standard hemodialysis can be attributed to greater predialysis care (eg, primary care and specialty care). We were unable to ascertain cause of death or if a patient died at home, and we were unable to check deaths using the National Death Index owing to lack of Social Security numbers. In addition, it is possible that death is underestimated among undocumented immigrants receiving emergency-only hemodialysis, where contact with the health care system is sporadic, vs patients who receive standard hemodialysis, who are closely monitored by health care professionals. Because we examined health care use only at the sites where patients received hemodialysis care, it is possible we did not capture all health care use. The strengths of our study are the longitudinal study design, with 5 years of follow-up from initiation of hemodialysis and the use of a propensity score with strong predictive accuracy to adjust for differences in characteristics of patients between standard hemodialysis and emergency-only hemodialysis.
Conclusions
An emergency-only hemodialysis treatment strategy to treat undocumented immigrants with ESRD is strongly associated with increased mortality and more acute hospital days com- 
